Both authors contributed equally as last authors.
Introduction
From both a regulatory and a clinical point of view, the main goal of any anticancer treatment is to allow patients to live longer and/ or to live better [1] . Although appropriate end points in randomized controlled trials (RCTs) depend on the clinical setting, experimental treatments should ideally demonstrate a tangible clinical benefit for patients [2] . In principle, a statistically significant and clinically meaningful improvement in overall survival (OS) and/or health-related quality of life (QoL) should be required to judge the efficacy of new anticancer treatments. Among survival end points, OS should be considered the most robust demonstration of benefit in the field of medical oncology. However, in recent years, progression-free survival (PFS) has been often adopted as primary end point in many RCTs [2] . When the experimental treatment demonstrates a benefit in PFS, patient-reported outcomes (PROs) and QoL are particularly important to better define the real clinical impact of a treatment. Furthermore, even when the experimental treatment demonstrates a clinically relevant improvement in OS, PROs and QoL results are still of interest, allowing a more complete definition of benefits and harms associated with the treatment. Finally, when therapies compared within randomized trials show similar efficacy results, for instance within non-inferiority trials, PROs and QoL can be crucial to tip the balance [3] .
Both the American Society of Clinical Oncology (ASCO) and the European Society of Medical Oncology (ESMO) formally include QoL results among the parameters considered for the evaluation of clinical value of anticancer treatments [4] [5] [6] [7] . Namely, in the ASCO framework, a 'palliation bonus' (10 points) is awarded by the experimental treatment if a statistically significant improvement in cancer-related symptoms is shown, and a 'QoL bonus' (10 points) is awarded if a statistically significant improvement in QoL is demonstrated [5] . Similarly, in the ESMO scale, preliminary scores based on treatment efficacy can be upgraded when the experimental arm demonstrates improved QoL or delayed deterioration in QoL (or substantial reduction in severe toxicity) [7] . Notably, the maximum score can be achieved only if optimal survival outcomes are further enhanced by data indicating reduced toxicity or improved QoL.
Furthermore, adoption of PROs in clinical trials can be very helpful to avoid underestimation of subjective side effects [8] . In fact, even when data are prospectively collected within randomized trials, the agreement between patients and physicians can be low, with high risk of under-reporting of toxicities by physicians [9] .
As the nature of QoL is by definition subjective, QoL assessment and interpretation are challenging and need the same rigorous methodology as does the evaluation of survival end points [2, 10] . However, the use of PROs and QoL as end points in clinical trials is widely variable [11, 12] , and QoL reporting is still suboptimal [10, 13] . For instance, a review evaluating PROs reporting in phase III medical oncology RCTs, published between 2007 and 2011, showed that methods and results related to PROs were often poorly reported according to the 2013 PROs CONSORT recommendations, and the space devoted to PROs in the main text was frequently small [13] . More detailed description of QoL results was found, as expected, when PROs were reported in a separate PROs-specific secondary publication. However, even in those cases when a secondary publication exists, a delay between the publication of primary end point and QOL results is common for many trials. This delay interferes with a complete and timely evaluation of treatment value, which can be properly made only if scientific community could evaluate QoL results at the same time of the other end points of a trial [14] .
Aim of this systematic review was to evaluate the adoption of QoL as an end point in cancer RCTs published in major journals in recent years. In addition, we investigated QoL reporting deficiencies (in terms of underreporting and delay of publication), considering both primary publications and subsequent QoLfocused secondary publications, when available.
Methods
Eleven major journals-where oncology RCTs are usually published-were selected for this analysis: namely, eight oncology journals (Lancet Oncology, Journal of Clinical Oncology, JAMA Oncology, Journal of the National Cancer Institute, Annals of Oncology, European Journal of Cancer, British Journal of Cancer and Cancer) and three general medical journals (New England Journal of Medicine, Lancet and JAMA). All issues of these journals published between 2012 and 2016 were hand-searched for primary publications of randomized phase III trials testing anticancer drugs in adult patients with solid tumors. Trials testing supportive care drugs were excluded from the analysis, unless their outcome was anticancer efficacy (e.g. zoledronic acid tested to improve disease-free survival as adjuvant treatment of breast cancer patients). Trials testing non-pharmacologic interventions were not included, as well as trials conducted in pediatric patients and in hematologic malignancies. Both trials conducted in early stages of disease (adjuvant/neoadjuvant) and trials conducted in advanced/metastatic setting were included, while trials testing prevention were excluded.
A dedicated case report form (CRF) was used to collect data for each selected paper, and an electronic database was generated with one record for each paper. For all the relevant data, each selected paper was reviewed by two young investigators. Inconsistencies between the two investigators were discussed and settled with one senior investigator.
For each study, information about publication (journal, year, first author, date of definitive and ahead-of-print publication, availability of supplementary material and/or study protocol) was collected. Impact factor (IF) corresponding to the year of publication was considered, according to the Journal of Citation Reports. Papers were divided into three categories according to IF: low (<15), intermediate (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) and high (>30). Information recorded about the clinical trial included: single institution versus multicenter trial, study conducted in a single country versus two or more countries, profit versus no-profit, open label versus blinded, superiority versus non-inferiority design, disease setting (adjuvant versus neoadjuvant versus advanced/metastatic), type of primary tumor, details of treatment in both experimental and control arms. Experimental treatments were classified into four main groups (not mutually exclusive): chemotherapy 6 other drugs; targeted agents 6 other drugs; hormonal treatment 6 other drugs; immunotherapy 6 other drugs. Trials were considered as profit when sponsored by the drug company and as no-profit when sponsored by an academic institution or a cooperative group, even if receiving drug supply and/or economic support from one or more drug companies. Studies were classified according to results into 'positive' (superiority trials when the experimental treatment was declared superior to control, or non-inferiority trials when the experimental treatment was declared non-inferior to control) or 'negative' (superiority trials when the experimental treatment was not superior to control, or non-inferiority trials when the experimental treatment did not respect the predefined threshold to declare non-inferiority).
Information about end points (primary/secondary/exploratory) was derived from the paper and from the study protocol when available as supplementary material, available at Annals of Oncology online. When QoL was not listed among end points in the paper and study protocol was not available, QoL was considered as absent, except when QoL results were actually presented in the Results section: in the latter case, QoL was included de facto among exploratory end points.
Space allocated to QoL details was measured as number and percentage of rows in the 'Methods' and in the 'Results' sections [13] . In addition, the presence of QoL details in tables and/or figures, in the main text and/or in the supplementary appendix was recorded. For all records, secondary QoL publications were searched in PubMed, by using the name of the drug(s) and/or tumor type and/or the name of authors of the primary publication and/or the study acronym/code, when available. Time to secondary QoL publication was calculated according to KaplanMeier method, from the date of primary definitive publication to the date of secondary QoL definitive publication, if any, or to the date of last PubMed check. When the secondary QoL publication was synchronous, and in the few cases when it preceded primary publication, time to secondary QoL publication was made equal to 0.
Details of QoL analysis (type and timing of QoL questionnaires, QoL compliance, type of statistical analysis) were also collected and will be object of a separate publication.
Results

Study characteristics
Overall, 446 eligible publications were identified in the 11 journals (the complete list is reported in the supplementary Appendix, available at Annals of Oncology online). The main characteristics of the eligible publications are reported in Table 1 . The three most represented journals were Journal of Clinical Oncology (139 papers, 31.2%), Lancet Oncology (123 papers, 27.6%) and Annals of Oncology (61 papers, 13.7%). Median IF of the eligible publications was 20.982 (interquartile range 17.960-26.509, range 4.817-72.406). The majority of trials (322, 72.2%) were conducted in patients with advanced/metastatic disease. The three most represented settings were breast cancer (84, 18.8%), lung cancer (83, 18.6%) and colorectal cancer (52, 11.7%). Chemotherapy 6 other drugs (273, 61.2%) and targeted therapy 6 other drugs (210, 47.1%) were the most common experimental treatments. Nearly half of the trials (209, 46.9%) were sponsored by the drug company, while the remaining (237, 53.1%) were promoted by academic institution or cooperative group.
Inclusion of QoL among study end points
The inclusion of QoL among end points according to study characteristics is detailed in Table 2 . In the whole series, QoL was a primary end point in five trials (1.1%), a secondary end point in 195 trials (43.7%), an exploratory end point in 36 trials (8.1%), while in the remaining 210 (47.1%) QoL was not listed at all among study end points. The proportion of trials without QoL as an end point was 60.4%, 49.0% and 27.7% among papers published in journals with low, intermediate and high IF, respectively. QoL was not included among end points in a relevant proportion both in profit trials (39.7%) and even more in non-profit trials (53.6%). The proportion of trials not including QoL as an end point was relevant in all the types of tumors, ranging from 36.1% for lung cancer to 57.1% for breast cancer, and for all types of treatment, ranging from 33.3% with immunotherapy to 49.8% with chemotherapy. In the subgroup of trials conducted in patients with advanced/metastatic disease, QoL was a primary end point in 4 trials (1.2%), a secondary end point in 158 trials (49.1%) and an exploratory end point in 31 trials (9.6%), while in the remaining 129 (40.1%) QoL was not listed at all among study end points. The proportion of trials not including QoL as an end point was higher in the adjuvant/neoadjuvant setting (65.3%).
Presence of QoL results in the primary publication
The presence of QoL results according to study characteristics is detailed in Figure 1) . Similarly, considering the subgroup of 71 trials conducted in advanced/metastatic patients, probability of secondary publication was 11.3%, 29.1% and 40.6% after 12, 24 and 36 months, respectively.
QoL reporting according to study results
According to authors' conclusions, studies were divided into positive (173, 38.8%) and negative (273, 61.2%). Among 173 trials with positive results, 65 (37.6%) did not include QoL as an end point. The proportion of publications including QoL as an end point without reporting QoL results was quite similar in (Figure 2 ).
Discussion
In this systematic review, we showed that QoL is not included as an end point in a relevant proportion of recently published phase III trials in oncology, even those conducted in patients with advanced/metastatic disease. In addition, QoL results are subject to significant under-reporting and delay in publication. QoL is recognized as a relevant end point and matter of growing interest by both scientific community and regulatory authorities. More than 20 years ago, when defining the outcomes to be used for technology assessment and development of cancer treatment guidelines, ASCO listed QoL among relevant outcomes, especially in the metastatic setting [15] . Even though the inclusion of QoL as an end point is not considered mandatory by regulatory authorities, in its recent guidance on the use of PROs in oncology studies, European Medicines Agency underlined that 'the experience of patients of how a treatment impacts on their well-being and everyday life is an important aspect of the evaluation of the clinical benefits of new medicines' [16] . Nevertheless, our review did not show an improvement of QoL assessment and reporting over time. At least in the interval of time considered in our analysis (2012-2016), we found a suboptimal proportion of trials including QoL as an end point in all the years considered. Actually, a slight improvement in QoL inclusion as an end point was shown for trials published in 2016: QoL was not included among end points in 33.8% of the trials published in 2016, versus a range from 41.4% to 55.2% in the previous years. However, this signal of improvement did not correspond at all to an advancement in the presence of QoL results in the primary publication. We acknowledge that the limited period of time included in the analysis (5 years) makes it unlikely to observe a relevant trend of changing. Furthermore, the year of publication is not a perfect surrogate of the year of study design (when decisions about study end points are actually made). The SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) statement has been extended to include PRO-specific guidelines, with the aim of improving the PRO content of clinical trial protocols, only in 2018 [11] . However, besides the improvement in study protocols, a growing attention to QoL should induce a more frequent inclusion of QoL results when the study is published.
Moreover, we found that, even when QoL results were available in the primary publications, the space allocated to QoL details was rather small, with a median space of 12 rows, corresponding to 9.2% of the section of results. This result is similar to that shown by a previous review evaluating PROs reporting, which found that, in phase III medical oncology RCTs published between 2007 and 2011, the median percentage of the space allocated to the PROs in the results section was only the 10% [13] . Therefore, with all the limitations of this 'rough' measure, there was no substantial improvement in QoL reporting over time.
We found that trials published in journals with high (>30) IF evaluated QoL as an end point more often than studies presented in journals with lower IF. Presumably, well-designed and highquality clinical trials (that are published in journals with higher IF) more frequently include QoL among outcome measures, in accordance with the best scientific recommendations. However, the studies published in journals with higher IF did not perform better in terms of presentation of QoL results: rather, QoL results were absent in 40.9% of the primary publications in high IF journals versus 39.2% and 30% in intermediate and low IF journals. Probably, a word-count limitation imposed by most scientific journals could discourage a single publication including QoL results together with the other end points of the trial [3] . Of course, this is not the only potential reason for QoL underreporting: for instance, authors could be discouraged to publish QoL results because of poor compliance and high amount of missing data, difficulties in statistical analyses or in case of negative results, leading to the risk of a reporting bias. In many cases, QoL results are object of a secondary publication, but we showed that this is regularly associated with a relevant delay in publication, and QoL results are usually published in journals with substantially lower IF.
The proportion of trials not evaluating QoL as a study end point was relevant both in the subgroup of trials conducted in the adjuvant/neoadjuvant setting and in the subgroup of trials enrolling patients with advanced/metastatic disease. In the former setting, it is reasonably anticipated that treatment can produce a significant negative impact-hopefully temporary-on QoL, and in most clinical situations this could be considered a 'justified' risk to be taken from both patients' and clinicians' point of view, in exchange for the auspicated improvement in the chance of a definitive cure. This could justify, at least in part, the lower attention to QoL evaluation in this setting and the fact that almost two-thirds of the trials analyzed did not include QoL among the end points. On the other hand, we believe that, in most patients with advanced or metastatic disease, QoL should be a relevant end point, considering the delicate balance between symptoms, disease control and side effects associated with treatment. In the latter setting, the efficacy of treatments in terms of OS and PFS is often modest, and QoL should be carefully considered for a proper evaluation of the benefit/risk ratio. From this point of view, we judge disappointing that almost 40% of trials published in recent years, conducted in patients with advanced or metastatic tumors, did not include QoL among the study end points. Furthermore, even in trials in which QoL was an end point, the delay in publication of QoL results is a common phenomenon, which may limit a comprehensive evaluation of treatment value. Of course, when the results, in terms of efficacy and toxicity, are both markedly in favor of the experimental treatment, this could make the results of QoL comparison less interesting. Nevertheless, in many cases, the difference in efficacy is not outstanding and the toxicity is not negligible, making useful the presentation of QoL results for the global interpretation of the trial. Disappointingly, the absence of QoL among the study end points and the under-reporting of QoL results are both a common issue across all types of tumors and all types of treatment. In our analysis, QoL appears to be particularly neglected in breast cancer trials (57.1% of them did not include QoL among end points). This could be reasonably explained, at least in part, by the high proportion of breast cancer trials conducted in the adjuvant or neoadjuvant setting (46 out of 84 trials, compared, for instance, with only 6 out of 83 lung cancer trials). However, even when limiting the analysis to trials that did actually include QoL among end points, breast cancer is also characterized by suboptimal QoL reporting, with complete absence of QoL results in 55.6% of primary publications. When looking at the category of experimental drug, trials with new therapeutic approaches (like targeted agents and immunotherapy) did not perform better than 'traditional' chemotherapy trials: the proportion of trials without QoL as an end point was only slightly better with these drugs (43.3% with targeted agents and 33.3% with immunotherapy) compared with chemotherapy (49.8%), but the absence of QoL results in the primary publication remains a common issue (34.7% with targeted agents and even 57.1 with immunotherapy).
The absence of QoL among end points is common both in trials promoted by drug companies and in trials promoted by academic researchers and cooperative groups, being even higher among the latter (53.6% compared with 39.7% in profit trials). Furthermore, under-reporting of QoL results in the primary publication is a common issue in both categories. At least in principle, one could argue that interest in PROs and QoL should be potentially higher in academic research, often conducted with the aim of optimizing treatment choices in clinical practice, but our results demonstrate that there is still great room for improvement.
Interestingly, we found that 37.6% of trials with positive conclusions did not include QoL among the study end points. This implies that QoL information is not available for many treatments that, based on a positive result, are subsequently considered for clinical practice guidelines and/or regulatory approval and/or introduction in clinical practice. In accordance to this finding, a recent study showed that none of the pivotal studies supporting oncology drug approvals from 2009 to 2013 by EMA included QoL as a primary end point, and only 54% of the indications (37/68) were supported by a pivotal trial in which QoL was a secondary end point [17] . As for the frequent absence of QoL results in primary publications, one could argue that, in the case of trials with globally negative results, the specific interest in QoL results could be 'physiologically' lower, given that many of these treatments will never be adopted in clinical practice, due to the lack of superiority in the primary end point. However, when considering trials that included QoL evaluation among end points, the probability of absence of QoL results in the primary publication in positive trials is practically as much high as in negative trials (36.5% and 39.4%, respectively). Even if the probability of a subsequent secondary publication with QoL results appears to be much higher in case of positive studies than in case of negative studies, the under-reporting in primary publication and the delay in the publication of QoL results remain a crucial issue for a complete evaluation of treatment value, that is particularly relevant for trials with positive results [3, 14] .
In conclusion, our analysis demonstrated that the adoption of QoL as an end point in oncology clinical trials and the attention in timely and complete reporting of QoL results is still suboptimal. A serious reflection should be made by the scientific community, including clinical researchers and methodologists, regulatory agencies and scientific journals, in order to allow both the optimal choice of study end points and the completeness of reporting of clinical trials in scientific publications. Clinical trial protocols and publications should include all the outcomes that are relevant for an exhaustive evaluation of the value of new treatments.
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